Abstract--Planning of energy-efficient protocols is critical for wireless sensor networks (WSNs) because of the constraints on sensor node's energy. Therefore, the routing protocol should be able to achieve uniform power dissipation during transmission to the sink node. In this paper, we present a self-optimization scheme for WSN which is able to utilize and optimize the sensor 
INTRODUCTION
Even though Sensor Nodes (SNs) may link directly to the processing sinks in the form of local area networks [1] , extending these SNs to gather data and transmit them to central sink is more significant because future applications demand hundreds or thousands of SNs to be deployed, which are often used in remote and inaccessible regions. A single SN not only have a sensing capability, but also processing, communications and memory units [2] which means that a SN can perform data collection, in-network processing and fusion of its own and other SNs information. Many SNs join to observe enormous physical environments, they form Wireless Sensor Network (WSN). WSN have many other applications such as environmental monitoring, health care, security, tracking events and industrial automation [1] .
There are many challenges and constraints between WSNs and other distributed networks despite their similarities. These constraints affect the design of WSN; this leads to the need to develop protocols that consider these constraints in order to work in WSN environments. The restriction is most often associated with the design of SNs with limited battery power [3] . Typically, they are equipped with batteries that have to be replaced or replenished, if they are exhausted. In most cases, it is very difficult to do this especially in harsh or remote areas, therefore, it is very important to manage the energy consumption in order to conserve energy and survive longer. Therefore, SNs should cooperate and adapt to failures, changes in the phenomena without any external interference.
Routing in sensor networks is important research topic, many techniques have been published [4] . Some of these routing results from the adaptation of the conventional routing methods which are not appropriate for wireless networks because of resource constraints and frequently changing topology. Due to these challenges new techniques must be adopted to cope with these challenges. Biologically inspirations (BIs) based techniques [5] , defines a new set of rules that have to be adopted for WSNs in terms of gathering the food and communications among the species such as, ants, bees and birds. The basic idea is that these BIs have to be adjusted to develop new protocols for optimizing and managing of sensor networks, whereas most of these schemes are inspired by the foraging activities of ants. The main reason is that these insects act as a collective unit to resolve routing challenges. They go around to discover and establish routes used by individual ant to efficiently move forward and backward from the nest toward the target food [6] . These routes are arises from the cooperative connections of the numerous ant agents, during the routes sampling to notify the others about their properties indirectly. The searching behavior of ant agents proves to be adaptive in ambient changes with more scalability.
By combining the simplicity of the BI with the efficiency of the diffusion in routing, we have designed an algorithm for balancing energy routing based-on Ant Colony Optimization (ACO) called SensorAnt, which gives a better performance compared with Energy Efficient Ant-Based Routing algorithm (EEABR) [7] . Simulation results show that our proposed model reduces energy consumption in WSN and optimize the number of packet drops efficiently which extends the life span of the network.
The rest of this paper organized as follows; section 2 reviews some of the related works, section 3 describes in detail our proposed method while section 4 presents the performance evaluation of our method. The last section summarizes our work.
II. OTHER RELATED WORKS
Ant Colony Optimization (ACO) is possibly the best studied field in swarm intelligence (SI) algorithms. Usually, SI is the basis of studying the collective behavior of distributed, self-configuring principles such as ant colonies [8] . The main rules of the ant systems are generally performed locally from a population of ant agents interacting with each other and their environment. These agents are capable of solving complex tasks with simple resources. There is only indirect communication between agents via their surroundings adjustment, for example, pheromone trails used to forage efficiently. Ants first work randomly throughout the foraging process, then it follows the same path to the nest which is indicated by the pheromone. During the return journey more pheromone trace is deposited to show the direction of destination by tracking this trail on the shortest route. Ants communicate via changes in the ambient -pheromone tracethis process is called stigmergy. The detail of ACO algorithm can be found in [9] .
In [7] , the Energy Efficient Ant-Based Routing (EEABR) is designed to extend the life time of WSN by decreasing communication overhead in the discovery phase. This is attained by way of two factors-energy and hop count when updating the pheromone. In addition, they use a fixed ant size to construct energy efficiency routes. Ants are generated proactively in EEABR at regular intervals and unicasted to the next hop SNs that is selected by a probabilistic rule.
In [10] , the authors first proposed routing based-on centralizing offline ant colony system to solve the Steiner tree problem. Later they presented a distributing online-based for data centric routing in sensor networks. The WSN is present as a weighted graph where a weight-cost of an edge is the Euclidean distance of the connected SNs. The object is then to gain a Steiner tree of minimum cost when forwarded packets to the sink. The authors built their method using a unique basestation.
Many-to-One Improved Ant Routing (MO-IAR) in [11] proposed an ant-based protocol that is designed for upstream routing many-to-one sensing packets. The routing algorithm is linked with a congestion control scheme that helps to alleviate the collision. The protocol is divided into two stages. During the first stage, it finds the shortest route between any SN and the destination. The second stage exploits the shortest route to prevent the congestion and minimize packet loss. The protocol assumes that the location of each SN, the target, and their neighbors are known.
Authors in [12] proposed Ant-aggregation method of sensor networks. Their method used multi-hop connections, including in-network processing resulting in significant improvement in the life span of the WSN by decreasing battery power demands. Their method constructs the trees that satisfy the smallest cost accumulation. Furthermore, the mission of the ants is to find the shortest route to sink or to the closely aggregation node.
An efficient routing for large cluster based WSNs has been presented in [13] by applying a pair of routing levels. Firstly, it uses the intra cluster where the SNs inside the cluster transmit their packets immediately to the head. Secondly, their method uses ant-based system for the inter-cluster between the heads of the clusters to discover the path to the sink node. Their proposed method reduces the latency of the algorithm and provides a more effective operation.
III. THE PROPOSED SENSORANT PROTOCOL
The WSNs have strict energy requirements. Hence, the routing protocols should take into consideration these constraints to develop an algorithm that has the capability to distribute the load traffic, in order to avoid the extra loading of SNs at the same route. As a result, the life time of the sensors will be extended, while the energy balancing and energy efficiency will be satisfied at the same time.
A. SensorAnt Description
In our method, SensorAnt will use both on-demand and proactive mechanisms, where the on-demand process will trigger when the sensor node has a data packet to be sent to the sink whereas no information are available in its routing table. In contrast, the proactive starts during the communication period to update the information of WSN and use it later during route maintenance steps.
Two types of ants are used during the path discovery and maintenance operations, Ant-Forward (Ant-F) and AntBackward (Ant-B) both ants share some field of their packet structure.
In addition, each sensor node x maintains a pheromone table (routing table) R x . Each entry in the table R b xy includes the information of the path from sensor x to the base station (sink) b through its neighbor y.
B. Path Discovery Steps
When the sensor senses data to forward to the sink, it will check inside its routing table to verify existing route to the sink. If no data is available, the sender sensor will start to broadcast Ant-F to find out the route to the sink; otherwise, it will send unicast Ant-F using the pheromone information and quality function of both path and hop to select the next hop from x to y toward sink z. The ant agent probability Pr !" ! is given as follows:
where P ! ! is the pheromone trail value of the link (x,y) and β is the weight factor of the pheromone trail.
During the receiving Ant-F message from the sensor node x to the sink z through y, it starts assessing the function quality of the ant route, F(ph) !"# ! as follows:
where F(ph) !"# ! is the quality of the route from the sender of Ant-F at the intermediate sensor y, !" ! is the consumed energy to forwarded the data from x to y and Hp !" is the function to assess the quality between neighbor sensors x and y.
!" obtained from the current residual energy of sensor y, minimum residual energy of sensors visited by Ant-F, the average residual energy of the route from the sender x until the current sensor y and path length up to y.
Consequently, based on the hop function !" , our model satisfies the balancing of energy consumption that reduces the sensor's energy usage in the path. This is done by preventing the frequent usage of sensor nodes based on a minimum energy level used here. Moreover, the paths with high average residual energy will get more opportunities to route the data to the sink. As a result, the protocol will use this function to update the pheromone trail ! ! at the pheromone table as follows:
where is the parameter to control the decay of the pheromone during the searching process since the last updated and ∆ !"# ! is the increasing value of the ant deposit trail during the journey from the sender node to the sink. This is given as the inverse of function quality of the route from source sensor to the sink.
Therefore, the route with better quality that have both highest value of minimum residual energy and average route energy will be get the higher pheromone trail, in this way the route with best path quality will reinforce and get a better chance to be chosen.
Up to this point each sensor may receive multiple copies of the same Ant-F therefore it removes all duplicate copies that arrive after the first Ant-F. Additionally, the sensor looks for the sink address carried by the Ant-F; if it is different from the current one it will broadcast the Ant-F and follow the same procedure as before, otherwise, it will convert the Ant-F to Ant-B. When Ant-B reaches the final target sensor, the sensor generates Ant-F, the process of searching path finished and the ant is removed. Hence, by applying this technique for several iterations the sensor will be able to find the optimal route to transmit the data to sink.
C. Path Recovery Steps
In this proposed method, when the source transmits data to the sink; within a period of this session it will start sending Ant-F to explore and update the information about the current routes used and check for any other better routes using a proactive mechanism. This process periodically checks the changes in the WSN caused by link failure, either by movement or the battery of the sensors depleted in the available path. This process involves the same concept of path searching; it updates the pheromone information to guide the ants to track new routes for data transmission by spreading the pheromone of sensor to its neighbors and checking the energy level to compute path quality function of alternative routes. As a result, this mechanism increases the chances of selecting a better route between multiple paths available to forwarding packets to the sink.
IV. PERFORMANCE EVALUATION

A. Network Model
A wireless sensor network can be designed as a connected graph G(V, E), where V is the set of sensors and E represents the set of communication links. Let 1 represents two sensors which are directly connected while 0 represents two unconnected sensors. Given a sensor node v ∈ V with transmission range R , if v is transmitting, all nodes within the carrier sensing of v will not be able to access the medium when the channel is busy. The transmitted packets from v can follow one of the possible paths in the graph G(V, E) that connects v to the sink node. In the proposed model, a node can transmit data packets to any neighbor within a range. All sensors are static and deployed randomly and have a finite battery power. All the sensors have equal initial energy.
B. Simulation Environment
The proposed SensorAnt scheme is simulated by deploying different sensor nodes from 10 to100 based on five different fields to reflect different density--200×200 m 2 The results of SensorAnt are compared with Energy Efficient Ant-Based Routing (EEABR) under the same scenarios, number of sensors and fields area used in EEABR to validate and obtain the accurate results. Fig.1 shows the comparison of the proposed SensorAnt with the EEABR model in terms of total energy consumption. Here, our SensorAnt shows better performance in terms of energy conservation compared to the EEABR algorithm. As can be seen, the energy consumption for SNs in SensorAnt is more stable across the different networks; this is because in WSN most of the nodes play the role as routers, in which most of the SNs participate in data forwarding, whereas our SensorAnt uses multiple routes that have best qualities. The SNs in SensorAnt always monitor their energy level to avoid those SNs with minimum energy to be used for a long time. Clearly, EEABR exhausted much more energy when the number of sensor nodes increased. In this paper we described a method to optimize consumption of energy in a sensor network. This is done by considering that the energy of the sensor nodes is the most critical factor to prevent energy depletion too quickly. Inspired by the colony of ants, we presented SensorAnt to use a new routing scheme to optimize the battery power of sensors participating in the paths to forward the data across the sensor networks. Hence, we introduced the function qualities for the hop and path to improve the selection of the best route available. Based on the simulation results, our SensorAnt shows a better performance compared to EEABR in terms of the total energy usage and the energy efficiency. Further work, in the proposed SensorAnt method, will be concentrated in another QoS metrics, which doesn't examine in this paper such as throughput, delay and packet loss.
C. Experimental Results
